DUAL-BASED USER-GUIDED HEXAHEDRAL BLOCK
GENERATION USING FRAME FIELDS.
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ABSTRACT

Block structured hexahedral meshing is required for many applications but remains unreachable in an automatic
manner for realistic simulation models. In practice, true industrial cases are handled using complex and rich interactive
software, and generating a block structure for a mechanical CAD part can require several days to weeks for an expert
engineer. For many years now, several scientific works have demonstrated that 3D frame fields are a very powerful
tool for hexahedral meshing. These works remain mainly theoretical and their application is limited to simple 3D
models. In this paper, we propose to provide the necessary components to build an interactive tool using frame fields.
The principle of the approach is to build a valid dual structure made of 3D dual sheets, which are aligned along a 3D
frame field, and then to convert this dual structure into its primal hexahedral block structure.
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1. INTRODUCTION

For many application fields, such as high deformation
mechanics, hydrodynamics or fluid dynamics, hexahe-
dral meshes are preferred over tetrahedral meshes by
physics scientific codes and the underlying numerical
methods. More specifically, boundary-aligned hexahe-
dral block-structured meshes are required. But such
meshes are known to be very hard to create in prac-
tice. And despite the active research done in the last
three decades, the generation of such meshes in an in-
dustrial context remains a manual task that can need
several days to weeks depending on the CAD model
complexity. It is clearly unbearable in the production
life cycle and it is known that generating meshes in
general will be keeping to be an important bottleneck
in the near future [1].

In the past few years, many research teams working
on hexahedral meshes have studied the usage of frame
fields to reveal the expected block structure. They
proposed different algorithms and heuristics but all of
them were only able to get acceptable results on sim-

ple CAD models. Complicated ones are only meshed
using mixed meshes' or hex-dominant meshes [2, 3, 4].
We think that frame fields are a relevant and strong
tool for the generation of hexahedral meshes but they
encounter at least two issues up to now: (1) no heuris-
tics used to generate frame fields guarantees that their
structure fits the hexahedral block structure; (2) even
if the frame field is generated, the extraction of a block
structure is not so automatic and robust as it should
be. From this observation, we propose to consider a
hybrid approach where the engineer will guide the al-
gorithm in the generation process. Instead of provid-
ing a fully automatic procedure, we intend to provide
useful tools to interactively generate hexahedral blocks
starting from an input frame field. This way, we ex-
pect to integrate frame fields technology into industrial
tools in a short time and so to contribute to diminish
the global time to simulation.

In 3D, a mixed mesh can contain any type of 3-
dimensional cells: tetrahedra, hexahedra, prisms, pyramids
and polyhedra.






